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OTHLR DATA ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION '

WITH A DEFINITELY RELATED GOVERNIMENT PROCUREMENT OPERATION, '
‘ THE V. S. GOVERNMENT THEREBY DNCURS NO RESPONSIBILITY, NOR ANY
OBLIGATION WHATEOBVER; AND THE FACT THAT THE GOVERNMENT MAY
HAVE FORMULATED, PUSNEZIED, OR IV ANY WAY SUPPLIED THE SAID ‘
DRAV/INGS, SPECIFICATIONG, OR OTEER DATA I8 NOT TO BE REGARDED BY
IMPLICATION OR CTHERYV/ISE AS IN ANY LIANNER LICENSING THE EOLDER .
OR ANY OTEER PEREON OR CORPORATION, CR CONVEYING ANY RIGHTS OR :
PERLIISSION TO MANUFACTURE, USE OR SELL ANY PATENTED INVENTION ‘
THAT MAY IN ANY WAY BE RELATED THERETO.
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(C) ABSTRACT

\, Four designs of grilles for the armored persomnel carrier, M113 were
submitted owhendeen-Rraning-Quoramd for tests to determine the protection
that each afforded egainst combat attack. The four types-of grilles were .an
all~-steel grille, an all-aluminum grille, and orbination steel and
alumioun grilles. Fragment simulators ranging in size from the -eelfber., 30;;1
45-grain projectile to the 20-mm, 830-grain projectile were fired at th2
grilles at striking velocities which correspond to the velocities expected 1
from corrgsponiing size fragments at a distance of 50 fo‘a?; from an exploding 3
105-mm, HE projectile. The offensive grenade, Mark ITI, and the fragmmtation
goenade, M6 were statically detonated on the grilles., A protection reting
was calculated for each grille., ‘The all-steel grille was the only one that
gave satisfactory results for all test conditions. The conbination steel and
aluninum grilles of the designs tested did not give satisfactory protectio
but 1t 1s recommended that other designs using this combination be tested {C)
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' CONFIBEMTIAL

1. (U) - DTRODUCTION . : _

_ In the present concept of muclear warfare, dispersion of troops and :
equipment 18 essential. To engage in battle with an enemy which possesses = ~
miclear capabilities, high-speed, high-mobility vehicles are needed to trans-
port personnel and equipment from their widely dispersed locatlions to concen-

. trated points of-attack aud to redisperse quickly to hold the newly acquired
terrain.

,
G sl favi: I
.

To meet these requirements CONARC requested the Ordnance Tank-Automotive
Compand to design a lightweight personnel carrier that would be both air-
transportedble and air-dropable. The vehicle wes also required to provide pro-
tection sgainst fragments £-ca bursting high-explosive shells and eagainst small
arms projectiles.

T AT Y IV

T

=

This vehicle, designated the Carrier, Personnel, Full-Tracked, Armored,

i M13 was tested at Aberdeen Proving Ground to determine the protection that 1t
; afforded against ballistic attack. It was observed in this test, and reported
in Armor Test Report No. AD-1271, that the ergine compartment grilles had poor
siructural strength, as evidenced by the extreme deformation and breaking of
the louvers urder high-eiplosive ehell freazment impacts. From these test
results it wos concluded that the grille should be redesigned to afford greater
protection to the engine. To £ill {his requirement, four different grilles
were designed and febricated. Eight grilles of cach design were submitted for
ballistic evaluation. Thus the objective of the test reported herein was to

2 determine which of these four grille degigns efforded the best ballistic pro-
tection for the engine compartmznt of the }113 armored personnel carrier.

l‘_J)

2. (U) DESCRIPTION OF MATERIAL
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The grilles for the MI13 srmored personnel carrier (Figure 1) can be :
- uced interckangeably in edther the intake or exhaust position (Figure 2).
A Bach grille covers an area aporoximately 28 inches square and each is approxi-
rately 4 inches thick. .

»
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< :
L ¥ The zll-aluminua grille, LFAL8L59 (Figure 3), copsists of alumimm
«,: = louvers that are welded to the freme of the grille. This grille veighs
o Fr " approximately 176 pounds.
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-l . Figure 3 ~ 59T3139: Side View of All-Aluminum Grille, DrALSYS59.
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CONFIDENTIAL

The straight steel and aluminum grille, DAWSYG0 (Pigure 4), consists -~~~
of front steel armor bars placed perpendicular to the plane of the grille and

backed up by two rows of aluminum bars. This grille weighs approximately 26 =~ -
pounds.

[}
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Figure 4 - 59T3138: Side View of Straight Steel and Aluminum Grille,
DTALBLE0.

e
%

The all-steel grille, DTALEHOL (Figure 5), is constructed with steel
armor bars placed at a 60-degrse angle to the plane of the grille und backed
up by two rows of steel bars. This grille weighs approximately 360 pounds.

Figure 5 - 59T3139: Side View of All-Steel Grille, DTALSL6).

The slant steel and aluminum grille, DTAKSLE2 (Figure 6), is constructéd
the same as the ell-steel grille with the exception that the back-up bars are
made of aluminum., This grille weighs approximately 274 pounds. .

b:‘
:‘:‘J T P L SR T LR T ..»;.:..‘ PRI
Figure 6 - 5913138: 8ide View of Slant Steel and Alumimum Grille,
DTALBUG22, }
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The constxruction of the straight steel and alumimum grille, ths all-

X stecl grille, and the slant steel and aluminum grille is similar in that the
n i armor havs of the grille are held in place in the grille frame by rods that
N . pass throvgh both ends of the axmor bars. This desisn facilitates rapid febe .
Py ’ ricetion and easy roplacement of dsmaged bars.
i

However, the replocement of
derxoged bars cannot be accomplished if the grille frame siructurs which sup-

i . Le. @
T ports the armor bars has been damaged. . | m
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3. -(C) DETAILS OF TEST

-

3.1 Procedure and Results

I R PR

The testing program was divided into a small arms phase and ‘a grenade
phase. ) .

GO

- Y5

3.1.1 Small Arms Firing. The grilles were fired on in three positiocos:
normal to the grille, into the opening between the bars or louvers, and across
the bars or louvers. In each of these positions fragment simulators were fired
at striking velocitles corresponding to the velocities expected from the same
slze fragments encountered at a distance of 50 feet from an exploding 105-mm,
| HE projectile.

—

The following are the etriiking velocity levels at which the fragment
sinulators were fired:

20-mm, 830-gr, F8 3000 fys
.712'-111., 600'9', FS 2%5 fP‘
c&l 050’ 200-32.’, FS 2150 m‘
Cal .30, k5-gr, FS 2350 fpe

The 830-grain fragment similators were also fired at a velocity of
2425 fps normal to the grille. This conforms with the military specification
require~ ut for the roof plate which surrounds the grilles.

Calibver .30 ball ammunition was fired on the grilles which were
m2intained in the same three positions. This amunition consisted of service
rourds waich ylelded striking velocities of approximately 2800 fps.

Witness plate {¥igure 7) consisting of 0.020-inch dural sheets was
placed about six inches Yehind the grille. The size of the penetrations in
this sheet was used ag the basis of evaluation of the protection affcrded dy
the gri.'!.le.

v etnt
#

i :
N 3 .
i . B

::.:f';::{' ! AR st fagi .. ;
oy o |
L H Figure 7 - 59T3365: Dural Witness Plate, Showing Rounds 252, 253, 256,
by i 257, 258, and 259.
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The round-by-'roma results of the small aru firivg are ptesentod
4in Appendix B. .

~ .
3.1.1.1 Analysis of Data. To analyze the results of this test from the
round~by-round data without a metbod of data reduction would be o laborious.
task.

Therefore, a yprotection rating system was used to reduce the rav data
obtained to a compact yet representative form.

Tte rating system used 1s ex-
plained in detail in Appendix C, page C-1 and C-2. Eriefly the protection
rating system takes the following factors into conaiderat‘.un.

8.

The percentage of projectiles fired that vere defeated by
the grille.

b. Averege amount of damage sustained by the dwral witvass sheets

freu those projectiles which vere not completely defeated by
the grille,

A protaction rﬁting was calculated for each grille for each test
ccadition. A sumary of these'calculations is presented in Appsndix D and the
- protection ratings from these calculations are.given in Table I.

Table I. Sumzary of Protection Ratings - .~ *:*
cal .30 Cal .30 Cal .50 600<gr  20-m
Grille FS F8 ;o ¥3 ¥3
A1l Steel 200 72 82 - 82
A21 Muminum ] 100 75 a3 59 53
Slent Steel end Aluminus 93 63 67 65 5T
Straight Steal and Alunioum 160 50 62

3.1.1.2 PRosults. Trom the swmary of the protection ratlugs it mey de
noted that the all-stecd grille and the all-sluzirum grille gave coxporahle
resulis for-the less severa conditions, up to and including cxiiver .50 fragument
simileters, cvd that this protection wes gocd. Comversely, tha cczbiration

stesl cnd alurlowa grilles afforded poor protection and were gble to ndequately
defeat only the h5-gradn, caliber .30 fragment simdator.

The alwndnush back~
up bard of both steel-aliminum combination grilles were readfly sheared or
separated by any projectile that passed the fromtal armor bars (Figure 8).

Altlmxgh the all~-alumimm erille afforded good protection at the
less severe conditions, 1t afforded poor protection egainst the 600- and
830~-gzain fregzent similators. - The elwdnuwn louvers were damaged severely and
were displaced (Figure 9). The kook or trap on the rear of the lovver which
vorked cffectively 4in stopping the celiber .50, 207-zrain fregment simlator
V&8 1ot cspable of stoppirg the lerger 600- and 830-grain i’ra@nenta

The alle-ptee) grille afforded goodprotuction against all the
projectiles used in the test, with only minor damege to the grille, (Figure 10)
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Figure 9 - 59T3159:

65 Were .T12-Inch, 600~

Grain Fragrent Simdsators.
nent Simulators.
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Rounds 68 through 81 Were 20-mm, 830-Grain Frag-
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The all-steel grille afforded good protection against sll the -
projectiles used in the tests, vith only minor damege to the grille (Figure 10).
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3.1.1.3 Observations. The all-aluatmm grille afforded less protection

sl
.

. than 4t d1d in either the norral position (0° obliquity) or the into-the-

. . opening-between-the-louvers position. The strongest part of the all-aluminum
louver type grille 1e the center arex of the louver bars, but vhen this grille
is attacked in the “across” condition, the projectile passes parallel to- this
center area. Thus, for the smaller projectiles, up to the 600-grain fragueat
simulatsr, it is possible for the projectile to pass completely through the'

Tt

”
'-'-
-~

[
P

a2

nus. grille afforded its maximum protection when the firing vas directed into
the.openings between louvers.

. The direction of atiack which vag most lethal for the all-steel
grille, the slant steel and aluminum grille, .6nd the straight steel und al'wi-
nup grille, was in each case the into~the-openings-betweeu-louvers position.

3,;1.2 .Grensie Static Detomation. Grenades, M26 fragmentation and Mark
IXI ofZensive, vere statically detonated directly on top of the grilles. The
grenndes vere placed with their longitudinel axis either across or psrallel
to the bars of the milies. Dural witness plate was placed directly below
the grille for the first few detonations. In these detountions the blast
deizolished the dural to such an extent that detailed demoge assessment was
1 impossible; therefore, for subsequent detonailons 1/2-inch plywood was placed
3 a‘bout ten inches below the grille.

3.1.2.1 Results. The szall alu:nimm bers of both of the combination
steol-oluadmm grilles were shearad off by the dlast (Figures 11 and 12) with
sulicient. energy for the aheared'portion of the bars to penstrate the ply-
vood.

The all-alunimum grille (Fi@xra 13) vas damaged to the extent
that the louJsers at the point of detonation were displaced and some welds
vere fractured.

The all-gtecl grille (Figure 14) withstood’ the grenade detonations
satisfactorily with daxege only to the spacer bars.

CONE @ NWAL - :

vhen it was positioned so that the line of fire was directed across the lov “+rs

grille and not strike this strong avea of the aluminum louver bars. The alumi-
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CONFIDENTIAL

k. (C) CONCLUSIONS

It 1s concluded tha:b:'

a. The all-gteel grille is the best of the four types of grilles
tested. It will afford good protection against fragments froam
exploding high-explosive projectiles and 'has sufficient structural
strength to withstand grenade detonations.

b. The all-alumimm grille will afford good protection against small

fraguents, but will not provide satisfactory protection against larger -

fraguents (600~ to 830-grain). Orenade detonations will structurally
damage this grille.

¢. The straight steel and aluminum grille and the slant stcoel and
aluninum grille will afford very poor protection against HE projec-~
tile fragments and grenades. .The small aluminum back-up bars do not
provide adeguate strength. :

5. (C) RECOMMENDATIONS

It is recommended that:
a. The all-steel grille be considered satisfactory.

b. The concept of frontal steel armor louver bars backed up by the
lower-density, fragment-absorbing aluminum louver bars, be investi-
gated further. A possible design (Figure 15) which used the best
Teatures of the all-steel grille and the all-aluminum grille should
provide protection superior to the all-steel grille, with a possible
vwelight reduction. ..

DS Aluminm
Figure 15: Sketch of Proposed Grille Design.
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. ' _ Correspondence ) ' o ;
ORDTH-CVS - 1st 1md (€) 1 Duvall/ohs/5L137
1
E* 00/8C-1131 ‘ S ) M1/ R
3 ORD}iC=RBe1e5 N
3 SUBJSCTs Test Dircctive for Air-Transrortuble Multipurpose Vehicle B
. Family, Armored, T1138l and T11352, (Ordnanco Project No. . L ]
T#-403), Departuent of the Army Project No. 5.45-07-032 (U) : :
. - « . o '*‘..‘ : ¥
DA’ ORD 0,' mBhin{;tOn 25. DO c., SOP ]2 1958 : - _'ﬁ’(
TO: CG, Aberdeen Proving Ground, Maryland ATTN: ORDBG-L .4~
1, . Subjeot test directive, as outlinod in tho basiec loiter, is for- ik
wardad approved, . ) g ’
. ) . . . ]
! 2, In view of the "crash" development progrom which has beon estab- g :
; 1ished for subject vehicles, it is imperative that evory oxpodient be \n
! used to meot tho scheduled dates set forth in paragraph 2 of the basic letter. &
3« Program authorization for these tests is included in the FY.59 k-
: Rosearch and Dbvelopment Program. Department of Army Priority 1A applies,
! FOR THZ CHIEP OF ORDHANCE:
] . i
! /tes/ M, A, KINLEY
Colonel, Ord Corps
) Assistant
' "Copy Furnisheds : . " . . 1
‘ CG, OTAC : ' ;
ATTNs ORDHMC-RB.1.5 .
§
7
\:% ‘I
2
K :
) '
A | 3
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CONFIDENTIAL

1 Cot 58 TX
T S e '
HEADQUARTERS - * %" o
ORDNANCE TANK AUTOMOTIVE COMMAMD VSGuminski/ob/35251
DETROIT ARSENAL
268251 Van Dyke Avenus

Center Line, Michigan N
N BEPLY 500/otac (27 Aug 58) : AVG 27 1958
REFER TO -
ORDYC-RB.1.5

L8
SUBJECYs Test Dirsctive for Air-Transportabdle Multipurpose Vehiole

Family, Armorad, T113El and T113E2, (Ordoance Projeot Yo.
TH-i03), vepartmert of the Army Projeot ¥o. S45-07-032 (V)

T0s Chief of Ordnance
Department of tha Army
Washington 25, D. C.
ATTEXTIONs ORDIV-CVS, ¥r. ¥. T. Duvall

1. The purpose of this Directive is to establish the procedure to bde
followed in testing the subject vehioles. Due 4o the "Crash™ naturs of this
develorment program, it is in the intersst of expedience that Ordnance .
engineering tests on the T113El wehicle and the T113E2 wohiole be oonducted
conourrently at two test siter. It 1s therofore recommendsd that the CARRIER,
PEPSONNEL, FURL-TRACKED, Amored, T113E2 be ovaluated at the Ordnance Test
Activity, Yuma, Arizona, and the CAMRIER, PERNSOUNEL, PULL-TRACKED, Armored, .
T11322 be evaluated at Aberdesn Proving Ground, Marylend.

2. 4t should be noted that the following time schedule has been firmly
established for the program in order that early pradustion of a T113 type
Parsonnel Carrier oan bs attalined:

"RELL- 88 TOyNY

A« 15 January 1959 « CONARC evaluation of T)13E1 and T113E2 wehioles
ocompleted to the extent that a decision can be rondered on the selection of - H
a praferred type, T113B1 or T113E2 vehiole, to bs produced.

. be 1 February 1959 - Type Classifioation to be smde on the wvehicle
finally selected. . . ¢

o+ 1 April 1959 - Issuance of a Produotion Contraocte

" An extremely high priority must therefore be established at Yuma, AP0, and
Fort Churohill for this test program, so us to complete all tust pheses by
1 Karobh 1959.

3+ Vaterials The following is tentative sohedule for the delivery
of pilots and ballistio hulls to the Yuma Test Station and Aberdsen Proving
Ground during Fisoal Year 1959. .
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CONFIDENTIAL

ORIMC=RB4 1.5 Aug 28 1958

SUBJECTs* Test Directive for Alr-Transportable ifultipurpose Vehicle
Family, Armored, T113El and T113E2, (Ordnance Projeot Noe
TW-L402), Department of the Army Projeot No. 545-07-032 (U)

‘ae CARRIER, PERSOMNEL, FULL-TRACKED: Armored T1i3El.s

APPROXYMATE
TYE DESTINATION ARRIVAL DATR
Pilot Foe. 1 Yuna Test Station 27 mg 1958

Yuma, Arizona
6. CARRIER PERSONNEL, FULI~TRACKEDs Armored T11312s

APPROXIVATE
TYFPE DESTINATION ARRIVAL DATE
Pilot Mo, 2 Aberdeen Proving 1 Sept 1958
Ground, Maryland i .

oe BALLISI'IC HULLSs .

APPROXDMATE
TYPE DESTINATION ARRIVAL DATR

T11%E1 and Aberdesn Proving 1 0ct.1958

T113E2 Ground, Maryland

Lo S8cope of Testsy

a, The tesnts requi:;ud inolude the complets evaluantion and determina~

4ion of wohiculer porforranco characteristics, as established for the subject
" typo vohicles by OTCH 360L9 dated 5 Januery 1956 with the exception that
_whore thsroin isstoted the requiresent that the vehloles “,...chall not exceed
16,000 pounds combaet londed less peraonnel®, the requirement for the 211281
vohiolo shell bs that its air-drop woight does not exceed 17,500 pounds, and
tho reguirenont for tho T)1352 vehiole shall be that iis cambat lcaded weight
deca not oxceoed 213,000 pourds, Alr-drop weight of the vehiocle, defired as

it applies to the T113El vehiole, 18 its combat loaded weight less ths folw
lowing items; Porgonnel, Track Pnds, 8074 Fuel, Amnunition, and Winterization
Kita )

be All tests are to be sonduoted in accordance with ltems listed -

in the Ordrance Proof Manual, Vol, II, Autcmotive testing under OPM €0~05,
dated 1 Cotober 1957, Tests not covered by the OATP will be presoribed by
speoinl instructions in this direoctive or in supplements thereto.
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CONFIDENTIAL
ORD}L'-RBJ.E Aus ZI 19)-8
SUBJECTs Test Directive for Air-Transportable Multipurpose Vehiole
Family, Amored, T113gl and Ti13p2, (Ordnance Project Noe
Ti-L03), Department of the Amy mroject No. 515-07-032 (U)

5« Photography = In addition to the normal requiremont for still .
photoprapha Heﬁcﬁhng general views of the vwehiole, and those which olarify .
and supplement component deficlency reports, it is requested that doowmentary .
nmotion piotuwres also be submitted with ths final test report covering each
major phase of the test program,

{ 6. Tosts to bo porformed on the T113%1 pilot, destined for evaluation
at Nue Test Activity with the rolative order of priority, are as followss

as OPY 60-25; Mochanical Inspection o i

sb, OPY 60-30: Proliminary Operation )

. 0. OPM 60~951¢ Cooling = During this phase of the test, the T113E1 T
vehiole £hall be loaded to & gross weight of 24,000 pownds, . )

vy

»d, ORM 60-85s Mobility - During this phase of the tests, the T113El
. vehlols shall be evalinted dwring desert type operation = sand dumse..sto.,
! at botl. & gro3s vehlole weight of 21,000 lbs, and 24,000 lbs,

| 6. OFM 60~300; Envirommental Pactors, Speoisl emphasis should-

be placed on the adequacy of the vehlole ventilating system while opsrating
with a oomplete orow oomplemant o

fo ORM 30-170% Crucks and Suspension,
ge OB 60-603 Lond Distribution and Ground Fressure.
sh, O &"723 Dravbar RPull,

PR T AN

e
8

*i, OPYd 60-Thy Aocoleratlion, Maximum ~ Mirimn Spasds,

kg
4'."
I

1
IR

— ——— i & S ——- . ———

. #3e OPU 60-l}0s Vehiocle Rl Consumption Tests, : ;

G
»

.
..

sko ORM 60-80; Gradeability and fde Slops Performanoce.
: 1. ORM £0-T1y Braldng,

Py
S e

L

M. OPM £0-50; Steadard Obstaclese

e
l‘_l

=
irs

1
y e

. ORM £0~75s Steering,

y ] .

: i #0, OPM 60-90; Fording (Note Amphibious Characteristios). ‘
o | OPY 60-653 Determination of Conter of Gravity end Momsnts of
P ' Inertia aboue a Longitudiml and Traverse Axis, .
o :
i 3 . i
Ay z
") !

v
"1‘- t
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- ' __ CONFIDENTIAL o ,
ORDle-RBolos c, e Aug 27 19$' o e " :
SUBJECT: Test Directive for Alr-Transpartable Multipurpose Vehicls L - 11,
3 Family, prmored, T113El and TI1%2, (Ordnexce Project Noo . . ° .7 T
e TW-403), Department of the Anwy Project No. 545-07-0R (U) "
hf . 4. OB 60-2303 S';conda'ry KSroenenks .
} - -
re OPM 60-15: Characteristios, N
8s OPM 60-203 Teficioncy Reportws . " ! { é&% ;;3
‘ . 4% ‘Z-\-_'_i’i"““\‘ S
NOTE:t Those OPM featurss deunted by an asterisk (*) are to be perfomed oone : ﬁ :‘,:f\n;‘}g <A
currently with the T113 Personnel Carrier presently at the Vuma Test Station, - | S "-";é; .&"c}
however cquipped with the new 15-inch track as wilized on the T113El vehicle, 4. o 1\3‘-%‘-
and & new Ordnance Power Package, AOSI~3 Fugine and XTG-90 Trangmission, ‘ SR
e 7. All tests et Yuma shall be completed in suffioient time to permit - 1!
_ proparation and shipment of the T113El weldcle to Fort Churchill, for cold
weather envirormental tests, dwring ths 195859 winter test progrem, All
i Yuma tosts must be completed by 31 Decesier 1953, Air shipmant of the
f 711381 vehicle is contemplated from the Yima Test Station 5 Fort Grxrohill,.
H Tosts at Fort Churchill are to begin ne later than 15 Janvary 1959.
, 8. The following tosts applicabls to Arctio coniitions end such otls rs
* 88 way be detsxmirsd by tho test engineer or the Ordmunce Tank-Antanotive
Commend by suppleuents to this Diroctiwvs, are to be conducted on the wehicle
at Fort Churchill, ‘
i &, OFU £0-300s Environmental Factors, : (
{ b, ORI 60-3013 Fiold Cold Starting amd Warmelp, } S
. R At
0. OR §0-3023 Field Test of Psrsomnel Hoating Systems. ng a 2
.'. Q." ’;§“;{'( T
d. OPx 60-853 ifobility = Chescwations are to be mmde durivg opera= ' : Q: o,
tion on the frozoa lake and frogen mucksg 4sat courses, during trials on ' e
usbravelled drift sumr of varying dopths, oa lovel groyad, and prepared tem - "
end ‘twenty por ccub slopes, The Tl13xl wehicle shall ne evaluatod during this
% , DPhase at both a gross vohiole woight of 21,000 pounds and 21,000 pounds, -
@ ; 0. ORf €0-723 Dravbar Pull. The copacity of tho vehicleto tow
Ps - sleds, wanigens, aed other appropriate trailsd loads wider various mobility .
. conditions, is to be determincd at the tro gross vahiole weights apeoified . :
;x:- sbove, ' .. L '
.;j . 9, Tests to bs perfornsd at Aberdsen Provivg drownd on the G&BREﬁ, ,
) *  PERSOIMEL, FULL~TRACKEDs Armored 11332 ars as followss ' i
T %, OF 60-25; Koohandoal Irspections ' d
2 : be OPM 60-30s Froliminsry Opsrsbion, S R
S x S
59 ' 3] ARG
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CONFIDENTIAL

ORDMC-KB, 1.5 R

SUBJECTs Test Directive for Air-Transportable Multipurpose Vehiocle
. Minfly, Armored, T113El and T113E2; (Grdnance Project Nos .
T-1i03), Dopartument of ‘the Amy Project No. 545-07-032 (U)

0e OPM 60-85; lobility

in
PR

»

de OPM 60~1T70: Tracks and Susponmsior = Initial tests on the veldcle
ars to be conducted with 2j~inch diamoter roadwhesls, 10-tooth sprockets, 17=
inoch dismeter fixod track retvn 1d: s0s, and solid traok blosks, Tosts on
the vehiole ars alac to be so® U C ur.ung 22-inch diamoter roadwheels, 9-tooth
aprockets, 15-inch dismeter ". sd rei .y Zdlers, and skeletonized blooks., A
ocoparative evaluation repor. hetwoer tlie 4, wo system: 18 to be submitted,

oo OPM 60-60: load Mstridution and Ground Prossure.

L.
g
h,
i,
J.
k,
1.

OFM 60~72;
OPM 60-~Ths
OB 60403
OPY 60-803
OB 60-712
OFY¥ 60503

OFX 60-1172

Trawbar Pull.

Acceloration, Kaximim-Minimum Speeds,
Vehiole Fuel Oonsumption Tests,

Gradaabllity and Side Slope Pe:fornances’

Buaking,
Standard Obstacles,

Caurchville Final Drive Tests,

®, OBl 0-75: steering,
n, OMM 60‘908 Ibrding.

‘ 0s OPM 60-653 Dotsrmination of Center of Gravity and Moments of
Inertis about Longitudinal and transverse axis, "

Pe ORM 602303 Sscondary Armemonty
qe OFM 60-703 Torqus Measuremonts for Tracklayers,

Ei r. ORM 60-1105 Stowage. : SR
Y ; :
E,ﬁ . se OPM 60-1753 mdio Interforonos .Tests,

3

i :
;‘3 %o OFM 60=305s Human Engineering. ‘ .
& g u, ORM 60-115; Endurance Testing of Cambat Vehioles (11,000 miles = ,

-4 Ses OTCH 360)9). . :

T ' :
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ORDMC=RBe1 5 - R . g 27 1958 . .
i SUBJACTs Test Directive for Alr-Transportable Multipurposs Vehicle Lot .
o , Femily, Armorod. T113El and 711382, (Ordnance Projeot No. T &
E ' T7-403), Department of the smy Project No. 5L5-07-032 (v) N
5 Yo OMM &0-15: Charasteristicss ’ ’

we ORY{ 60203 Deficiency Reports,

10. Tosts on the BALLISTIC HULLS ars to be performed at iberdeen
JProving Ground gonerally in accordunce with OPM 22+11, "Armor Plate Testing®,
and OFY 25-28, "Tosts of Vulnerability", howsver, spocificaally under the N
following guidances . . :

®. OBJSCTIVEs Wulnorability tost of the hull of the CARRIER, |
PERSONNEL, FULL-TRACKED, Alr Borns, TL13al end T113E2.

b, DESCRIPLIONs Tao (2) hulls, oro T113ELl eand one TL13E2, will he
supplieds In addition, nims (9) grilles, thres (3) of thres.(3) differend
designs, will be submitted for ovaluacion, The hulls will be fabricated from
woldable aluminwa armor and the grillea from steel v.nd/or aluninum armor,

Pl ol bl S 2
™ J‘:IJ

o6, PROCEDUREs In order to ascertain the level of protection
atforded tho two (2) hulls (with different thieknssses), the following tests
_ ahall be conduoteds

(1) Fhaso I ~ Fraguontation Testss The sides and roof of the :
hulls are to be impacted by fragments from 105 mm HE ahell =t 90 and 50 feet,

(2) .rhase II = Blast Evaluation of srbient Temporatures The
woldnent Joiuts ere to be balliastiocally shock tested uwsing the 37 mm shell, ,
I8, 164, 4O mn HE-IXT sholl and/or 57 mm proof projectile M100l, The seleo~
tion of the typs of round for testing each weld Joint t» be determined by

_ APG personnel, , EaST
. 1 1Eat
. (3) thase III ~ Rezistsnce Yo Fenstration of the Hull Ammor with : .
' S:al) Arnss  Ths ballistic limits shall be detovrminad in mocordance with the !
: condition enuviscrated in the teble belows - . i R
: TL13EL 3R . ! et
! .- (Inchas) Approxe (Imohas)  spprox, ;
PITTN Projooctile Obliqu;t.z Thiokness BeL Thiclswss BeL, . . : A
Front-Ufpor Cleods 30 GRI AP ~ LY =172 v I=ij2 FETIL b 30T
Froat=Lower Glaois 470 Cal AP ° -1/, 2355 A-12 2600 " b
f Front-Uppor Gleods .50 Cal AP . L5° -1/2 2390 112 2330 ,
! ¥rontoLowor Glaocls 50 Cal AP 30° 1-% 1675 1-1 1900 . . £y
; ; Sida~Upper 30 Cal AP 0° 1- 3/4 250 1-3/4 asho | 3N
‘ Sider=Lowor 30 Cal AP 0° /4 1510 1-1/)4 2055 .
i Slde=Lower +30 Cal Eall 0° /h 2200 1~} 2885 . ARG
bl Rear 30 Cal Ball 00 -4 2805 Aa3fh - e ! ARl
{ . Rear 30 Cal AP 0° =3/ £055 -3 25L,0 : . d t}i
i | Roof 201 AP é0° 1-1/2 2200 112 2200 [
Roof 20104 AP 65° | 1-1/2 2600 1-1/2 . 2600
p , <
* Mngquast varification that round vwill not poneﬁ;gate the avior. A
! AT ) 3
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. onmc-nn.:.; B ' ' © mgeruss oY
SUBJECT: Test Direotive for Air-!umpomb‘h Multipurpose Wwhiocle - .
. Femily, Amored, 111351 and T113E2, (Ordmance Project No, . . .

TW-103), Departameut of the Amy Rojest No. 5i5-07-02R (V)

(L) These IV - Grilless It 4s desired that s ballistls evele i
uation of the different types of grilles ve conducted. It is suggested .
that the grilles be tested under the following conditionss :

Projectile Direction of Firing Obliquity (n.gm)
X0 Cal Fragment Simidator Across Segnmenta of Grille 0
«30 Cel Fragmont Strulator Into Segments of Grille 0
50 Cal Fragnont simulator Across Segments of Grille o
<50 Cal Fragment Simulator Into Sgnents of Crille 0 !
20)4 Fragment Simulator Into Segments of Grille 30 & 15 3
201 Fraguont Simulator Aoross Sogments of Grille ol - ]
«30 Cal Ball Into Segments of Grille o ;
30 Cal Ball : Across Sogments of Grille - 0
+50 Cal pall Into Segments of Grille Ls & 60 .. R
+50 Cal pall Across Segments of Grille L5 & 60 ;
+50 Cal AP Into Segrments of Grilie €@ & 75 )
o50 Cal AP Into Ssgments of Grille & &5 R
2010( AP Into Sogmonts of Grille XN ] p
- 20ms AP Aoross Segments of Grille 6 & 75 K
Fragmontstion CGreuade ’

Offensive Gronade

(5) FPwmse ¥ - Splash Testing: Bullet splash from (30 Caliber
ball and AP rounds and granades, shall be directed towards.various openings
of the vehiolos, such as doors..,0to., to determine splash susceptibility ox
koying of movable parts.

A A I 4T D0l

d, RBFORTSs A fimal repart will be required, Distribution will be
in accordance with distribution list, whioh will be forwarded under uparato
oovor at a later date,

11, -It is requosted that weekly repcrts of test be rorwarded to Ordnanoe
TankeAutonotive Conmand, Research and Devolopwent Division, Destroit Arsenal,
Cetitar Line, Michigan, ATTENTION: ORDHC-RV.1.5, and copias be sext direotly

tos Food Machinory and Chemloal Gorperation, San Jou. calirornia. ATTERTIOI:
HMre Go Tédrows

S S e e L

N3

Py

: 12, Tt 48 further requested that this Comuani be ccntinually advised of
: tho testing schedule so that ropresentatives from this Command, and Food
' Maohinery and Chemical Corporation may be at ¢he test rarility to observe

; eritioal portions of the testing, . g

, o

' l FOR THE COM/ANDERs ;

oy ' ) !

N « /¥&s/ 8. Ho FULLER : . ;

: ‘ Chief Development Enginser . ]
/ | Ressarch & Development Division - 3
K ! Coples furnisheds : S
N + Yro Montgomery, APG, Aberdeen, Mi : i
L"J ¥r, Snider, Y\;ﬁl To.st 8ta., l.m“ 7 :}:‘
t - CONFIDENTIAL
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Small Arms Firing, Round-by-Round Date
SWLL ARVS FIRING. -, .

ROVND-BY~ROUID DATA-"" .

e et
L SO L

A1l Alvumimm Gri.lio T
DA L8los <

Grille  Muber and Size of Holes in-: .

~————

Rourd
Rber thliquity Denngd Diral « and Romerks
Caliber o730 Fragment Simulator 45 Grain
170 0° PP(P
an 0° PR(P
172 09. PR(P
173 35° into PP(P .
il 359 dnto PE(P) - -
175 359 into PR(p
- 18y 359 across PP(P
185 359 aoross PP(P
186 359 aaross PP(F)-
187 35° acrots PP(P)
Caliber .30 Bal} . :
126 : 0° op(p 1 holes 14" 2 14
167 0 PP(P
168 0° or(P 26 holess 2°x2-1/4%, 3(1/2%1/2%) -
i
19, - 0° PH(P <0
17€ 25° into PR(P .
© 177 359 into PR(P -
178 359 into PR(P
179 35° inte P .
180 35° doross OP P} 1 holes 3/"x1/32%
181 35° aoross CKP) . © 23 holess 1-1/2"x2%, 3/"x1/2%,
.o 2(s5/8maem, -
TR . 2 %ﬂ;ﬂ:}lﬂ“' . =
, ‘ 5(1/8"x1/8%), 12 pin -
» e . . \(, .
182 . . 35° woross  CP(P) 13 boless 1-1/2%x1-1/1", :
. ,2) . 3(1/8"x1/8%), 6 pin
183 28l - 35° aoross - OP{P) 6 holess 3(1/8%x1/8%), -
. N 3&1/16".:1/16‘)
Caliber 50 Fraguent gimulator 207 Grais |
.1 I o® © PHP .
‘e 0° PA(P
R (P
199 o® PP(P .
200 0° PP(P .
- 201 o¢ OP(P 1 holes 1/2"x1/h" N

El

e o E A . ::.j:‘_ RS By R P e - R - e PR ‘g
R A i L R I L e b L L R 9 Do e 4L
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IDENTIAL S |
. 4,
} . . - T o4 -t i - : b . ‘.\ RO
R ke ) - T ! 3
\k . und 8trikivg Grille Fumber and Size of Foles in - ; a)
AN MNeber Velooity tbliquity Daztage Dural = and Rexerks : };
2 ko2 2719 0° PH(P 28
2 203 2853 . " 00 PR(P *
he 3 2726 35° inte  PR(P): ;.
. 2007 35€ into FR(P) | .
5 2701. 359 into PP(P) * i
: é 2700 35° into PP(P B
! 1 2608 35° inte  PR(P
} 8 2773 35° inte PR(P
i {95 2728 350 4nto PR(P
0N 196 2520 35° into PP(P
i 197 2820 359 into PP(P .
t .9 2803 35% soress  PR(P
g 10 2839 35° aoross  PP(P
T 188 2808 35° aoross  PP(P
:,' 159 2808 359 aovoss  CP(P 1 holess 5/6'ﬂﬁ‘. g/&':lﬁ:,"
IR, /8L,
. 190 2628 359 aoroos  CP(P 3 hohn "x1/2%, 2(3/"x1/2%
2 ] ;:g; . :78260 ;g: sorcas PP§P§ f;"xfa ( /)
i 3 3 S ' 35%ecrons oP(P, 9 hohu 341", 3(2
5 s : e Fyﬂ')
&8 %913, 281§ gﬁi: soross  PP(P 2 . .y
; 9. 793 .- 5° sorogs  CP(P holes; 5/8"x} 1/6%x1 ]
‘{ 2d 2768 35° across  PP(P /B /2 o 1818 ]
! 20 270 359 aorcas  CR(P 1 holes 3/l"x3/0* :
A 204 27711, 35° sorcss PP(P . }
207 2753 , 559 acroas op(P 1 ho].o: 3/2 ~.
% 208 Ie3d - 35% across  OR(P 1 holes 5/8": /14 . 3
‘ 2 2768 - 35% movoss  PR(P .
.: 210 2753 ' . 35° eoross  PR(P) : 3
)
2 w622 In, Frageent Simulader 500 Gratn 1.
k) 66 2138 352 across  OR(P Disregard « 1ow veloolty : 1:
&4 67 2620 :' 35° anross  PP(P) . Iisregard ~low Velooity .
i ! .712 In. Pragient Sculator 600 Gratn
23 : 53 257 0° PP(P _ Dlavezard ~ low welooity 4
3 i 5 2623 .. (14 PR(P Diavegord ~ low velcoity '
2 \ 55 262 0° PP(P Dlaregasd o low voloshty
24 7] 2578- 09 - PR(P Dlorazazd = low valoolty
X ! 51 255 0° PP(P Dlasrezard = low volood
i i 58 2909 0® op(P 6 hols3y l;w"" j/a’”) ?h
l » 3% 0 orr) 3 molens Mﬁ/ 51, 1/:"31/1;-. o |
) : ;
! . ;
" © g6 o* or(F) 3L bolawy %=1, 1*x) ", A . S
& , - /e, 2l at ,’Ifz‘«’), : !
; &, L1730 . 1
7 ! %“xl%lj.lll CLHT) ‘
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: ) Round Btrikirg
Muamber- | Yeloodty
. 61 319
62 260
51 3059
[+ Lost
63 3016
3023
65 2968
L8 &)
! 19 ié
‘ 50 3067
22 2,
213 2387
ol 233 °
B 2
ey - 2588
248 255
TR on
ety %020
255 3025
acs 3050
257 3031 -
‘ 258 - 303
i ‘ g
| m e
i . €8 3105
' "
T o 1769
|
i

_ 20-m {ngmnt S8imulater 820 Gre
EER

o® or(p) 2 holess 5/8'x1/2", 3/8"x1 4"
o* -¢P(P) 2 holess 2(1/4"x1/4")
' 4 or(p 1 holes 121" .
S -0 c@(P 2 holeny 1'x1AS, 3410
. 08 .CP(P 2 holems 3"x1=1/4%, 5/8"x}/2"
b PR(P :
80 : oR(P "1 heley 1/8"c1/0" '
. B inte op(P 1 holes 3/8"a1/l"
t? 350 into FP(P) . :
35° ix%0 1;

P
oF
-25%3%5 . ¢ COP
op

oLt “'0‘. \_.)' cp. - Rolsgs I"x2Y, 34" 8 1/avz1/2"
30 txte . OR() L aeleas ran Sy YRR

3 .' 235 asroas - OP(P) 6 holasg ?:fs',"'%/ﬁ:'. '{1/;;. 5/8":3/5?'.

CONFIDENTIAL . | b
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Grille. - Mmber and Sise of Holes. in &3
- ObMquity Domage ° Dural = and Bemarks e
35° 1nte PP(P ’ : . ‘ -
35° snto PP(P) . . 5 A%
35° aoross PH(P b*
35° acress PE(P . i .,
359 acroas  CP(P 13 holess g'&e/a-l 1;‘3":;"‘;6.3 - i B
By ) B

20 A0:0/4), 2(3/8% /e i
35¢ u:"oll cP(P) | ‘3 holess zﬂ:gﬁgz 3/8"x1/8%, - | . ' i
359 across  CP(P) 12 holes; }i"x3* : 1-1 "xl-l/a:. . .
2}11; xl;le ’ 3.}1;&:%;%' gfg&i’d
in ' .
o m ey
0 c¥(r) L holeas 11; /::%;1{71 3'5/8 x3/8%, 34"x)/lp

e 2 tolons yzp"xx.s/w | /801 /2
2 olas y UEA/AR, 1/81/00
6 holagy 1-1/271=3 /0", 122",
5/Ee=1 /1, 3/Bnm3/8m,
1=/t 1/8"x)f6"

U,

35° across PP(Pi Dlarogard

1 ]
.
!
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!
E
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Roud  Striking Grille Ruiber and Size of }blesf‘:bx, . .
Number Veloocity bliquity Damage Dural - end Remarios\ . -
70 176 359 aoross cP(P) - 12 holoss enlarged previous hole to
x -
aﬁl/a"xl/w;' —
n 1800 35° across CP(P) 5 hol 2.1 /2" .1 2%, 14" x1 /"
5 holoss Bﬂt%/h"oeéa_"‘{%' /"
ar
351 35° aoross cp(P) ‘ 5 holes, g"xz::d 165:21/1"’. 2(1/8"x1/8")
] 73 3128 35° across ¢p(P) 1 holes 1-1/2"x1-3/L" Disregard .
T 3128 359 across cp(P) . 6 holess 2-1/2"x2~1/2"%, 2"x1-1/2" 1
. ) 112051 /2, g(z/e"xa./e"s
: Disregar ,
15 173 35° soross cp(P) 10 holess 5%"x2-1/2%, 1/2%x3 /g% L. 17 TR
5 /8"11512}': B/ﬂﬂ"x u: Coe : ;&3.& ‘g{j’. s
: AR Sy oy TR B
] . 3 foh, l/h"xl/l » ] 4 ljt{%% L5 %
. 1/16"x1/16° = Disregard R
76 178h  35°aeross  CE(P) 7holess 1"x3/8", 1-1/x3/l* ’ T
| . ) : 3 J;}!/:; 1/&';%; ?8%31‘. . )
"x . .
1/2"x1/16%, :Dilregard. . j
j (] 3129 359 aoross ep(P) 1 holes 1-1/&"::1;1/1{' ~ Dieregard - '_ B
¢ 06 35° across  CP(P) 8 holess 3"x2%, 2-1/2"x1", 3/4,"x3/4", '
' : ‘ %"15/8”. 5/8"x5/8", .
. 3580, 12Nx1fen,
K 4" x1 /4"
) 305 . 35°across  CP(F) - 1holes 1-1A"x)/28 _
80 Lost 359 aoross cp(P) 1 holess 3"x1-1/2%, 1"x3/",5/0"x1
. h(lﬁ"ﬁ/{s")J a"xzyé". /s
i 2(1/"x) ")’175(2"‘1/3"
| : Yo", 1281 /06" pin
8} lost 359 seross®  CP(P) 2 holess Fxi-1/4y%, 1-1/2"x3/))*
i
1 8 3028 35° aoross - Disrogard )
83 ' 359 aoross ¢p(P) - 5 holes; 29x)-1/2%, 1e1/}4"x5/8% . ._
]
B~} ) 3
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" Round - Striking " Grflle  Wiber and Sizs of Bules in .
§  Ruber  Yeloolty lquity Damags Dural « end Romarks -
a 3048 35 moross  OP(P) ' 1 holey: 5" x 2-1 »
29 240 - 359 across cr{r; ! N holes ' 1- 1-:{;'11'
. L 1/5.
250 T 303 35% aoross  OP(P) 6 holess a«n—g/z- 0 201/2" '),
_ ’ x /8" 14
251 | 771 ] 35° aoross PPiP
R | Yost 35%.a0rcss  CP(» 2 holesy 5/1.":1/2' 1/&‘:1/&' : :
253 2996  35%eoross OKF) ' 1 holes /h"xl/h" s ’ } :
. A g §’
g b - :_. :‘;
' . . 2
! : . ! 4
i g
; - 5
: 3
. [
: i 3
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SMALL ARMS PIRING

ROUND-BY=ROUND DATA.-

Stralght Steel and Alumimm Qeille . \
Dra Lalto

Eunber and

BT PR .

138 2833
1% Loat
Up 2835
s 2837
4 19 2828
" : .
: ¢ 150 2755
i n
3 i, 2 2018
75 13 225
% 2 2713
5 35 797
D‘E 1Y
g
3 i

Calibor o30 Ball !/

0° cp(P) 6 holess
0° CP(P) 22 holess
o® CP(P) 20 holess
30' aoross  CP(P) 12 holess
20°aorcas  OPF(F) -8 holess
30% aoross  CR(F) 73 holulg

anoro.SO Progrant s:.nuhtu- 201 Orain

PR(P

0° PR(?

o* . op(» 3 holes;

0° - OP(F) 2 holesy

0° OF(F) 5 holess
B-6

CONFIDENTIAL

Rousd  Striking orille Sise of Holes in
Rabor Velooity  bliquity Dopinge Dural «  and Remarks
. 1iber 30 Fragucnt Simulator LS Grain
p il | 2473 0° PF(P) Hit dar
e 228; 0: -PP(P Ht dar .. .
2 0 pP(P - Hit bar
- 1k 2212;0 - 0° PR(P Good it :

-5 21,50 30° across  PP(P : Good hit -
b el18 30° aorces  PP(P Good his

U7 2381 30° aoross  PP(P ood hit

g

f"%{" Hrlihe,

1/2%3/8, 5/

7(1/2¢"x1/h") 6(1/8421/8") :

A

2 ( 14"
/WA 2,

T g

ﬁzfiz/;z-’/""‘”"

VAN, 1A R1/160
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Round Strixing
Tuber Velooity

16
7

CONFIDENTIAL

Grille -
Tumage

PE(P)
¢p(P)

cP(P)
Pr(P)

AN

Su

PR
s, ..
- . -

2

Mauber and Sise of Holes in
" Dural‘ = and Reuarks

Adn,

-
~ .

5 holsss %Eﬁ;ﬁ-g}/g.o 1/2'31/4"‘.

1 holss 112*n" =

@

iy

B

LAY X 2T 21 "!A
..«‘*.:J.z?‘-’a?u’ L

P,

v,i{f.: ;i.-:w' 2

"l

BETRAS
A
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* SUALL ARMS FIRING . A R
ROUND-BY-ROUMD DATA :
A11 Steel Grille ’
DTA L8/
Found 8triking - Grille RMuber and Size of Holes in 3
Nubor  Volooity  Gbliquity - Damage Dural « and Ramarks ;
Calidor o30 Fraguet Stmulator L5 Grain 3 3
. 3
54 2183 00 . PP(P ;
155 228 090 PR(P :
156 2hoy 00 PR(P .. - A
157 22l 0o PH(P H
3 158 2222 0° PP(P . gk
159 57 0° PP(P - “Good hit . b
F 160 2572 200 dnto PR(P : Eit bar 3
L 16 2LL9  30° into PR(P) - - Good hit i
ST 2529  20° into . PP(P , Good hit
E Caliber o30 Ball !
: 151 28 0° PR(P Good hit o4
1 152 279 0° PP(P dood hit 2
L 153 2809 0o . op(P i3 noless 1%<3/L", 3(5/6"'x1/2%), 4
SQ/4"=1/4"), 8(1/e"x1/3%), g
4 26 pin - 3
£ ) . ) g
k 163 2018 20° iuto CP(P) 70 kolesy 5/"x 3/3%), 65/3%x} /2w {
| T s
10( [107 2L 16%), 22 pia f:
. 38, 7,93 %02 into cp(P 72 holesy 3-1/2%x1.-1/2%, 17x3/)e 3
) | "1002 8"*4;/‘6‘), i
. 5/8's5/6%, &(APKA/IFY, ;
51 pin
N 3
: 165 2300  3° 2uto . ¢r(p) 37 bodems  3/°x5/8%, 3/bra3 ety ;

‘ ; ' .2 1/3"1‘{/"5;'/2“5’»':=*’ﬁﬁt')- ;
% i : _ 9(1/8"x1/8"%), 22 pin X
5 ? CaMbor (50 Fragmnt Sivulator 207 Gratn
% ! 315; aeéag - g: cp(p 2 holoss 5/8"x1", pin

' /I 27 Pe(P
. 00 cx(p) 2 holess 1A4"x)/%, 1/8"x1/0° ’
00 PP(P}

0o pe(P .
0® PR(P : E
o® . P;fp . H
0. P ? - 1
B-8 1
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Round Striking : ‘6rille  Buber and Sixe ¢f Holes 4n .-, 't Q SRS
Nuzber Yelooity  Obliquity Darago Dural - and Remrks ,3 -
21 2800 0° PH(P) - . rw
30 2782 30° into cp(P 1 hole s 1/2"x1/8* : G s
N 2782 30° suto cP(P) 3 holess 1/32"x1/1€", 1/32"x1/32* pim BN
» 2803 30° into cp(P) 3 holes s 5/8"x1 A", 3/8'x1/8%, pin :f'-}'f:é‘,féﬁ,‘;, bEEs
215 2783 30° irto PPEP; B N
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TP ) 6($6m &) |
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Ly %088 (p) : (52%%@45\..1 kv A
. : 12%x3/8%, 5/8"x1/%", -
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3% 0° " cr(p 11 holess 1-1/2txl", 3(1/2%x1/2%), -
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AYPENDIX C
‘Procedure for Analyzing Ddta
; L URSN . g' , ° [, % .
In order to derive protection ratings for each type of grille \mder

each attack and to provide a true plcture of the. protection afforded dy the
grilles, the folloving elements of data must de taken into cousideration:

a. Percentage of projectiles fired that were defeated by the grille.

b. _Average amount of dsmage sustained by the dural vitness sheets froa
4those projectilces which were not coupleiely defeated by the grille.’

p———

This combination was effected by taking note of tche foct that a
projectile that only czused a few small holes in the cheet of dural was,
substantially defeated by the grille. With this in inind, the percentages
vere nodified to reflect the damnge that undefeated rounds were able to
produce a3 desigrated by letters a, b, c, and d. The letter "a" indicates
very minor demage and the letters b, ¢, ard d indicate progressively greater
damege. 'The following is the method that was ewployed:

v
.

M 1]
Létter . Average Size
Deglgnation * Hole in Dursl .
. e « , .
. a .Smailér than 3/8 inch.
‘a=d 3/8 "1nch to 34 M. .
v 3/% inch to 1 inch, ' i
bee 1 inch to 1-1/2 inch. i
| e 1-1/2 inch £d'2 inches.
{‘g a . Over 2 inches.
?’4 ] o ) :
Eg; . Letter , _
gL, Designating ] ‘
4 : Avg Daztagn. Arount by Wnich, ) ‘ .
;:{ ' to th;l Percent:sge. ia Increased Tyvica), Bramole ' {.’,\(,&.,5{;
) , - . : . NG
. ' a 1/2 (1003 nivns $rds - 60% a'w 60 £ 1/2 (100~ €0) » 80 ,;;Q_-.‘E L
i defcaved) - ) % ;
" £t a-b 3/2 §1°%?§qu % rds 60% a-d x 60 £ 3/8 (100 ~.60)x T5 ;
,-h 8 efeoats ' : R
7 it v 1/ él%z)ﬁxru $xds 605 a 60 £ 1/% (100~ 60) u 70 !
= . efes . )
3 * Beg 316 (0007 ninus S 1d8  60% bc = 60 £ 3/16 (100 - 60) = 68 . x
5 defoated) . :
N L .. ;
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Avg Damage Azount by Which . )
to Dural Percentuge is Increased Typical Bxample

e 1/8 (100% ninos % rds 60% ¢ = 60 £ 1/8 (100 - 60) = 65
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a None 604 4w . . 60 i g
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Since the protectiocn ratings are all based on the same criteria, 1t is
possible to compare the protection afforded by a certain grille against attack
by any of the projectiles used in the tests, in addition to comparing one
&rille against enother. In the test covered dy this report a limited number

of rounds were fired; therefore, only differences of fivs or more are consid-
ered significant. .
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APPENDIX D
Protection Batincn
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FROTECTION RATIIOS

Caliber .30 Pragment Smlator 15 Grein
Rounds  Rounds % Rounds  Average Size
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0° 3 1 33 «28 i‘

into 3 0 9 «28(s
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across L 0 0 ) 29(a)
i Blant steel & Aludimum * )
i 0° 2 0 0 53 .-b)
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i . K0ross 2 2 100 -
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0° 3 0

FJ . soross 3 0 ) g :§§f3
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APPEIDIX E
Crenade Detonution Results
’\' ’ .
RESULTS ¥ GRENADE DETONATIONS .
Grenade Placansat
Hunber Grille Grenads of Gronade Results
b § All Aluninum w6 Joross bars Dural demolished by dlast,
sluminws louvers separaieds
2 A2 Aumimm Mark IIT , Across bars Dural demolished by dlast,
’ Auniium louvers separated
3 A1l Alumdnum Mark IXI  with bars Dural domolished by dlast,
aluninum louvers separated
L Straight Steel Mark IIT  with bars Dural demolished by dlast,
and Aluminwa QAuninwe bars shoared off-
5 All Steel Mark III  with bars Dural demolished by hlast,
spacor bars ruphicced
6 Al Alundrum 6 with bars Dural demolished by blast,
louvers soparatoed
7 Straight stegl w6 - with bars  Dural domolished by blast
and Aluwninum
8 All steel Mark IIX  across bars Dural) demolished by hlast,
. - rupturod spacer bars
9 Straight Steel Mark IXI  across bars Dural demolished by dlast,
end Adund mm ) .o 2 auninws tars shearsd off
' and obthsy aluninum bars dlovay
baok, = spacer bars ruptured
10 Slnnt Stool amd Mark IXT  soross bars  Five aluminum bars couplastely
’ Aluainum shoared off and penetrated
1/2 $noh plywood that was
ton 4nchos below grille.
n Slant Steel amd w06 aoross bars m niddle alumimm bars
' Alunimm . oonpletely shonred off, Ot
sids sluminum bars blown dack
a . (nct ruptured)
2 Alun inmm w06 #0ross bars  Louvers ssparated, o frage
) ment damage to plywood
3B A1) Bteel w6 across bars  Spaoer bars ceparated, W
fragnent dsxage %o plywoad,
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APPENDIX ¥
Distribution

V-

NAME AND ADDRESS

Chief of Ordnance
Depertment of the Army
Washington 25, D. C. ;
ATTYE: ORDTW, Mr. N. T. Duvall

Commnding Ceneral - -~ -~ .
Ord Tank-Automotive Command
Center Line, Michigan .
ATTW: ORDMC-RET.3
ORDMC~REM.1
ORDMX~AA - -

Comsnding General .
Ord Tank-Automotive Command
1501 Beard Street

Detroit 9, Mlchigan

ATTM: ORDMC~-FM

Coemanding Officer
Wadertown Arsepal
Watertown 72, Massachusetts

CATIN:  Materisls Engince_ring Lab
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Comuending Officer
Disxond Ordnance Fuze labs -
washington 25, D. C.

ATTE: Tech Ref Br, ORDIL 012

Coczmanding General
Freokford Arsenal
Fhiladelphia 37, Pa.

ATI: Metallurgical Lab (1320) -

Cazadien Army Staff

24350 Massachusetts Ave, N, W.
Rasxington 8, D. C.

ATDF: GSO-~1, A%R Sec

THEEF: OCO-ORDGU-SB
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DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



